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DRAG EFFE(II: OF THE ACTIVE MEDIUM OF A GAS RING LASER 

Dario Peci le  and Edmond Bat i fo l  

A study w a s  made of the beat frequency F between the  
o s c i l l a t i o n s  corresponding to  t h e  two d i rec t ions  of t r a v e l  
i n  a r i n g  l a s e r  cavi ty ,  when t h e  gas discharge column con- 
s t i t u t i n g  the  ac t ive  medium was i n  motion. The phenomenon, 
involving t h e  dispers ion of t h e  a c t i v e  medium, should help 
t o  explain t h e  operat ion of t h e  l a se r .  On the  other  hand, 
t h e  experiment affords  a method f o r  s h i f t i n g  t h e  zero of a 
l a se r  gyroscope. This procedure does not requi re  t h e  in-  
t roduct ion of s o l i d  elements i n t o  t h e  cavi ty .  

I. Introduction 

Recent a r t i c l e s  have ev idencdthe  importance of r i n g  l a se r s  used a s  gyro- /1* 
scopes (ref. 1). With t h i s  type of l a s e r ,  very s l i g h t  d i f fe rences  of o p t i c a l  
lengths can be a t t a ined .  W e  concerned ourselves with r i n g  l a s e r s  i n  nonrecipro- 
c a l  e l e c t r i c  po lar iza t ion ,  i . e . ,  the  e l e c t r i c  po lar iza t ion  of t h e  a c t i v e  medium 
depends upon the  d i r ec t ion  of i t s  t r a v e l  i n  t h e  cavi ty .  

11. Experimental apparatus 

The experimental apparatus i s  a r ing laser o s c i l l a t i n g  a t  t he  1.15 p t r an -  
s i t i o n  of neon. 

The l a se r  cavi ty  comprises four mirrors arranged at  the  corners of a 55-cm ,I 

square. Three of these  mirrors are f l a t .  The fou r th  mirror i s  spher ica l -  
concave with a 5-m radius  of curvature,  and i s  diametr ical ly  opposite t h e  beam- 
saupling mirror.  

I 
t 

The recombination system comprises two r e f l e c t i n g  mirrors and an o p t i c a l  
separa tor .  It leads t h e  emergent beams corresponding t o  the  two d i r ec t ions  of 
t r a v e l  i n  coincidence onto the  cathode of a photomult ipl ier ,  having an S1 coat- 
ing. The output s igna l  i s  d i rec ted  t o  a low-frequency spectrum analyzer.  

The a c t i v e  medium i s  a helium-neon mixture a t  an average pressure of a few 
t o r r ,  contained i n  one o r  more tubes closed by windows a t  Brewster's angle and 
energized by an e l e c t r i c  discharge of length 30 cm. We a r e  ab le  t o  induce a 
laminar flow of gas i n  one of t h e  laser  tubes and the  ve loc i ty  of t h e  gaseous 
flow i s  determined by d i r e c t  measurement of t he  upstream-downstream pressure 
d i f fe rence .  Exci ta t ion of t h e  whole unit  i s  such t h a t  t h e  l a se r  general ly  os-  
c i l l a t e s  i n  two normal modes separated by a l i t t l e  less than 150 MHz. 

/2 

When the  c i r c u l a t i o n  i n  the  laser  tube has been stopped, w e  can introduce a 
d i f fe rence  i n  t h e  o p t i c a l  lengths of the cavi ty  i n  t h e  d i r ec t ion  of t r a v e l  by 
*Numbers given i n  margin ind ica te  pagination i n  o r i g i n a l  fore ign  t e x t .  
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i n s e r t i n g  a supplementary tube i n  which gas or  a i r  a t  atmospheric pressure flows. 
This d i f fe rence  of o p t i c a l  lengths i s  expressed by a separat ion between the  os-  
c i l l a t i o n  frequencies.  This i s  the  Fizeau experiment: t h e  drag of electromag- 
n e t i c  waves by a substance i n  motion ( r e f .  2) .  
due t o  t h e  flow of t h e  i n e r t  gas on the asymmetry introduced by the  movement of 
t he  column of ac t ive  gas. 

We can superpose t h e  asymmetry 

111. Results 

A f i r s t  s e r i e s  of experiments was conducted with mult i layer  d i e l e c t r i c  m i r -  
r o r s  having a maximum coe f f i c i en t  of r e f l ec t ion .  The l a se r  o s c i l l a t i o n  was 
maintained so le ly  by t h e  c i r c u l a t i o n  tube. 
beat frequency F as  a func t ion  of the  d i f fe rence  of pressure a t  t h e  ends of t he  
tube ( f ig .  1). On t he  s c a l e  of pressure d i f fe rences ,  we applied r a t e s  of maxi- 
mum drag v ca lcu la ted  with t h e  assumption of a regime of laminar flow. 
ve loc i ty  d i s t r i b u t i o n  i n  t h e  s t r a i g h t  sec t ion  i s  parabol ic ,  but the  o s c i l l a t i o n  
r e l a t e s  t o  t h e  c e n t r a l  par t  of the  tube, where the  ve loc i ty  i s  subs t an t i a l ly  
constant .  

We es tab l i shed  curves showing t h e  

The 

The curves show t h a t  F i s  approximately proport ional  t o  v. A t  constant 
ve loc i ty  v ,  t he  beat frequency F is  very s e n s i t i v e  t o  cav i ty  losses ,  e i t h e r  ac- 
c iden ta l  losses  such as  a r e  due t o  dust deposited on t h e  windows or  mir rors ,  or  
losses  systematical ly  introduced by a diaphragm or  spec ia l  mount. Frequency F 
depends r a t h e r  l i t t l e  upon the  tube discharge current  i n  t h e  indicated zone of 
operation. 

With the  a id  of t h e  Fizeau-effect  l ight-drag apparatus,  we observed t h a t  
t h e  d i r e c t i o n  of s h i f t  of beat frequency by t h e  motion of the  ac t ive  medium i s  
t h a t  which would be observed with a dense, nondispersive medium. There i s  a 
wave drag. 

In  a second s e r i e s  of experiments t h e  mirrors have a lower coe f f i c i en t  of /3 
r e f l e c t i o n .  The cavi ty  contains one o r  two i a se r  tubes without gas drag or t h e  
c i r c u l a t i o n  tube. 
a func t ion  of t he  discharge current of t he  c i r c u l a t i o n  tube ( f ig .  2 ) .  The d i s -  
charge current  modifies t h e  tube gain or  absorption. 

For given drag r a t e s ,  w e  es tab l i shed  curves of frequency F as  

When t h e  medium i n  c i r c u l a t i o n  i s  an ampl i f ie r  t he re  i s  wave drag. When 
t h i s  medium i s  absorbent,  t he re  i s  a delay of the wave. When the medium i n  c i r -  
cu l a t ion  i s  neu t r a l ,  and p a r t i c u l a r l y  when the  e l e c t r i c  discharge i s  in te r rupted ,  
t he  normal Fizeau drag should y i e ld  a frequency F much lower than t h e  frequencies 
indicated i n  f igu res  1 and 2. 

IV. Conclusions 

The i n t e r p r e t a t i o n  tha t  we w i l l  publish a t  a l a t e r  da t e  shows t h e  prepon- 
derant r o l e  of the  a t t r a c t i o n  of t he  beat frequency toward the  center  of t he  
l i n e .  In  t h e  f i r s t  s e r i e s  of experiments, along t h e  d i r e c t i o n  of t r a v e l  t h e  
near ly  symmetrical p r o f i l e s  of t he  l ine  of ampl i f ica t ion  a r e  s h i f t e d  i n  
frequency. In  the  second s e r i e s  t h e  p ro f i l e s  of t h e  l i n e  a r e  asymmetrical and 
the  asymmetry depends upon t h e  d i rec t ion  of t r a v e l .  
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Figure 1. Tube: In t e rna l  r) 5.35 nun, discharge length 30 cm. 
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Figure 2 .  Circula t ion  tube: i n t e r n a l  qi 5.35 mm, discharge length  30 cm. 
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The phenomena of a t t r a c t i o n  and repulsion of frequency i n  t h e  l i nea r  gas 
laser have been s tudied,  espec ia l ly  by t h e  v a r i a t i o n  of t h e  beat frequency be- 
tween two adjacent normal modes as a funct ion of t he  parameters of t he  o s c i l l a -  
t o r  ( re f .  3).  The described experimental technique allows another approach t o  
these  phenomena i n  addi t ion  t o  the  indicated p r a c t i c a l  appl icat ion.  
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